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Glutathione has been postulated to be Involved in & number of ftmdamental 
biological processes (1). If these postulates are correct, it is surprising that 
inborn errors of the metabolism of glutathione ere eitccontansd in clinical 
medicine. Patients with such disorder* do. however, exist and the Geld has : 
recently been reviewed (9,13). Clinical and biochemical studiea of these j 
patients ere necessary in order to provide optimal therapy. In return, studies of 
the patients can give important information about the cole of glutathione in 
cflSerent biological processes. 

Human genetic defects have been identified in four of the six enzymes of the 
y-ghitamy] cycle (Ffc. 1) (9,13) affecting the following enzvmest' glutamyl- 
cysteine s ynthetase Adntathmne synthetase, \^Khitanryhranspetitrdfl8&./ and, 
"recently. ^xoorr^aBe (A. Lamson etal tSi* volume; 12,17). In this chapter, 



we will focus on one inborn error of glutathione metabolism, namely human 
glutathione BynmetaEc deficiency. The same disorder is discussed by E, Jelfum 
et al. t this volume. 

HETEROGENEITY OF GLUTATHIONE SVNTHETASE 
DEFICIENCY 

The Erst petients with hereditary glutathione synthetase deficiency were 
reported by Oort et aL (14) and Prins et aL (36). The only symptom of these 
patients was compensated hemolytic anemia, and their erythrocytes contained 
decreased levels of glutathione. Additional patients with mis inborn error have 
subsequently been identified, and rt should be entphasteed that they Jiavc no 
neurological symptoms, no metabolic acidosis, and no 5^>xoprohnuria (2). This 
is in contrast to another group of patients with glutathione synthetase deficiency 
discussed below. 

The biochemical heterogeneity of hereditary glutathiona synthetase defi- 
ciency was studied by Spielberg et al. (20> These authors found that to the 
oxoproiinmie form erythrocytes, as well as leukocytes and cultured fibroblasts, 
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FIG. 1- y^luiamyl cycle firom WWIner et al (2U 



contained markedly decreased enzyme levels. In the nonoxopnoliouric fam ths 
enzyme defect was expressed only In erythrocytes. It was speculated that sbs 
latter group of patients carry annotation, which mainly aflects the stability of thi 
enzyme, whereas In the oxoproliaaric farm the mutation affects the cataly^ 
activity, 

GENERALIZED GLUTATHIONE SYNTHETASE DEFICIENCY 

Clinical Signs and Symptoms 

Generalized glutathione synthetase deficiency has so far been reported in 12 
patients (9). The disease lias autosomal recessive inheritance* 

The pflrignta ere usually detected in the neonatal period, and their main 
symptoms are metabolic acidosis and jaundice. Acidosis correction Is usually 
required and life-loss substitution by daily oral doses of s odium bicarbonate or 
citrate is often necessary* The neonatal jaundice usually reflects an increased 
rate of hemolysis, and exchange blood transfusions ere sometimes required 
because of neonatal bypertrilnaibinernia. 
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■G. 2. Mechanism of 5-oxoprc*ne ovoxprodutrtion In patients wHh glutathione 
mlheUse deftcJency. Enzymatic step* Involved in the biosynthesis of glutathione: 
> rfilutamyftwBtelnQ synthetase; £2) Glutathione synthetase; (a) rptutamyloycto* 
flncfcraee; (4) 5-oxaprollnase; {5) plirtathlone reductase. From Lersson end 
attBacn (1 0), *fth peftntoslon of asevter/Ncrm Holland. 



TJie excretion of 5-oxoproline (pyroglutamic acid) in thojirine is usually 
:eessive. This is caused by an overproduction of 5-oxopioUno (S) due to lack 
'feedback inhibition of redoced glutathione in y-gJuUmylcysteine synthetase, 
si subsequent degradation of m* T^utamy Icy std ns to S-oxoproline fey 
^ntamylcYdom^feraBe (10,21) (Fig. 2)- Jn some patients the 5-axoproline 
orelion is in the order of 200 mmolea (26 g} per day 1.73 m 2 body surface 
ra, while other psfiantB excrete only one-tenth of that amount Tin's variation 4 
S-oioproEne excretion most likely reflects differences in Che degree of 
Scienoy of glutathione synthetase in critical tissues. The acidosis is 
uaiitered to reflect the accumulation of 5-axoproline in body Quids; blood 
Tils of S-oxoprolme have been reported to be in. the range of 1 to 5 mmoles/ 
**1 . 

Postoatalry, the dominating symptoms are a chronic metabolic acidosis and a 
m bat progressive damage of the central nervous system. The patients 
scribed have bo en observed at different ages, ranging from 6 months to 23 
ars, and their intellectual development and neurological symptoms have 
ied. However; £ of 12 patients have shown mental retardation and 7 of Hie 
ieots had additional neurological symptoms (9). 

rtie oldest patient was a roan who died at 2& years of age with multiple signs 
central nervous system damage such as ataxia, seizures, spasticity, and 
ious menial retardation. At autopsy e elective atrophy of the granule coll layer 
me cercbelrom was found, as well as focal cortical lesions (E. JeUum ct aL, 
s volume, 18). 

.Ve .have recently observed a progressive decline in the intellectual develop- 
st of two Swedish sisters aged 11 and 8 years. Their developmental test 
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results have gradually decreased from quotients of 100 to II 5 to levels of 80:: 
90. Furthermore, both girls exhibited pafliologicai dectroretinograms w£r, 
decreased c^oulatory potentials and low A and B wave amrnjtndes. Details 
these observations will be reported elsewh&re, 

Two infants have died in therapy resisting attacks of acidosis hi asscciadr- 
with mffectlons (2,15), 

An liUem/ting finding in one patient with gBnsxalUed glutathione synthei£52 
deficiency was reported by Boxer at aL (3). Their patient, atwo^aar-old hc^\ 
bad recurrent episodes of bacterial infections, which were most HkcJy due sc 
abnormal granulocyte function. The leukocyte function was normalized after 
treatment with high doses of vitamin B. 

Accumulation of y-Ghrtamyleyitehie 

It seemed Skdy That some y-ghitamylcystelne couH accumulate mtro> 
ceCularly in patients with gkitathinnc synthetase deficiency. This tfpeptiris 
contains both functional groups— the enHhydryl and die y-glotamyl— cf 
gjntathiona. It was earlier speculated that y-glutamylcyBteme might In te: 
substitute for glutathione In different processes (21). . 

We tested the possibility mat T-gJutamylcyst&mB accumulated in glutathione 
synthetase deficiency by studying erythrocytes (7). Erythrocytes from the 
deficient patients had y-gljtamyi cysteine levels within the range for centred 
cells (66 ±24 junol/l; meandiSD), Thus, the activity of y-glutaaryi- 
cydotransferase in the mutant cells seemed to be high enough to clear tfce 
intracettnlar compartment of T-glutamylcystcinc by conversion to 5-cxcprohac 
and cysteine* 

In subsequent studies of fibroblasts,, however, calk from patients with ' 
glutathione synthetase deficiency were found to contain more low molecular 
weight thiol compounds than was accounted for by gmtatlrione (5). In control 
fi broblasts* on the other hand, there was good agreement between nonprotein 
SH and glutathione. 

We have now analyzed the concentrations of low molecular weight thiols' 
(and disulfides) in extracts of cultured fibroblasts using high performance liquid 
chromatography ( 1 1) (Table 1). Significant accumulation of T^glutamylcystomD 
was found in cells from the patients; in tha&e cells 70 to 90% of the low 
molecular weight sulfhydryt compounds were accounted for by r-ghitamy3- 
cysteme. In control cells the level of^glutamyicysteine was about 20% of the . 
total low molecular weight sutfhydry] residue* : • • - 

Cultured fibroblasts were also labeled whn JS S*oysleine for up to 3 hr (11). / 
jV-Ethyimalmcimido (NBM) was then added and die proteins were denatured • 
by trichloroacetic acid. The extracts were subjected to high-voltage paper 
electrophoresis (Fig. 3). In control cells two main peaks were found corres- 
ponding to the NEM derivatives of glutathione and cysteine; occasionally a* " 
small peat was found corresponding to NEM->giu1mnylcystaine. In cells from 
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TABLE 1 . Nonprctern $H (NP$H) t afutathfw* (QSH). and 
TSMvnyicyatBinB (rGLV-CYSN) In cuilurea f/6/paZasfs from covin* sublets 
*nd Pflfadrrts with gtorfaffcfewa sy/ir/iafase deflch*j>cy 

Origin of gdlo G3H* r G*-U*CY5H a 

Cprt^ouhloGto 1SJ2 ±5.1 9,0*1,2 ^ a.a±ai ~ 

Ftatfents(A/a3J B^tfcfcT 2.1 ±O.B fi.7±0.8 

•PioieTn « nmoto/ms, From Unsson ot al, (1 13. " — 

patients wo consistently found a pattern of three peaks as shown £n Pig. 3. The 
xnajor fraction of the 35 S-actrvity was found in y-glutamytqystrixie> especially 
early during the incubation. 

On the basis of these findings we would lite to postulate that y-gjutarayj- 
cysteine mi g ht accumulate in tissues other than erythrocytes In patients with 
generalized glutathione synthetase deficiency, y-GtatamylcysteiDe might in fact . 
substitute for gJobathione, especially In tissues with low activity of y-ghitamyl- 
cycle tranaFerase, thereby protecting the patients from oxidative damage. 
02rtnmnate]y v brain appears to hare higher T-glirtamyJcycIotransfera8 e activity 
than any other tissue studied (4), which may have iterance for the develop- . i 
cpent of c entxnl nervous system damage in patients with generalized glutathione 
synthetase danaency. • 
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3. 3. Hlgryvohase paper «lectrophoraals ot 3Ss*labeHod W-«thylmaJmetmWe- 
d M \auVea In tha acid-soluble fraction of cultured fibroblasts from a patient with 
-ixrlMofie synthetase deficiency (A) end from a control subject (0). The calja ware 
defied with a9 B-cyslfn© for 90 mfn (1 1). 
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Therapeutic Trial with Merc^plppropionyl- Glycine 

The foci that our two patients progressively declined in Tfitrllftcfnal get £.:t- 
meat strongly indicates that they needed mom active therapy than rri'i . 
acidosis correction with bicarbonate. 

Adznlni£traiion of massive doses of vitamin E to patients with $frzz:~:-z 
synthetase deficiency apparently corrected the defective graxnilocyte i::-. . ' 
(3), and also increased erythrocyte survival { 19). However, even wljen vv.irr. : 
E treatment was started in the neonatal period (in one patient) it did jioi pre* : " 
the psychomotor retBprdatioa at 2 to 3 years of age (Jf. IX Scbulman, jf&rzi " ~ 
communication), 

As discussed previously^ we were anxious to avoid any treatment thai ; 
Inhibit the synthesis of y-ghrtamyloystcm«. Thus, adrntaistxtrtion of eyste£!±rJ 
was considered hazardous (6>« 

The possibility of using evmercajtfopropdony^lycine (TbioJa*, Sar-U- 
asxmfleeutfcal Company, Osaka, Japan) was brought to our attention by 
L. Revesz. Oral administration of this sulflrydryl compound is inrfiratrr ~ l 
variety of disorders, one of these being Ever disease (22). Apparently «he Uv : 
side effects of o^mercaprtc^ropiooylg^cine are caiwiderabiy less tfozz :V 
instance ^pemcillamina. Furthermore, o^ercaptopropka^lgjycine did r:: 
inhibit y-glutamylcyeteine synthetase m homolysales. The patients secede; 
about 10 mg/kg/day, divided in 3 doses over a period of 4 monttfv^"- 
thereafter 20 mg/kg/day for one month. A number of clinical* biochemical, ir: 
nenrophysioloBical parameter were monitored. In summary, we did not see sr. ; 
positive effects: Urinary excretion of 5-oxoprotiae did not change, and 
decfroretfrograms remained pathological. 

The trial with a-mercaplopropionyl^cuTe has now been terminated akz i 
new trial involving vitamin E admmistralion has been started. 

CONCLUSIONS 

The clinical picture that emerges in generalized glntitfaione ayirthefcus 
deficiency is chronic metabolic acidosis* 5-oxoproline overprcxiuotion, hemoly- 
tic anemia, which is often well compensated} and progressive central neryocc 
system damage. The CNS involvem ent justifies therapeutic trials along several 
lines. Ideally, glutathione should be administered, but probably has to be giver. 
parenterally, and it is doubtful if it even then reaches the CNS. We have tried 
give a-trweaptopropicmyi^ane orafly, 10 to 20 ma/kg/day, ovot mcaihk 
without any positive afreets in two patients. 

Studies In cultured fibroblasts have shown that there are prwequtates for the • 
accumulation of y-glutamylcyateine 1c different tissues in patients will: 
glutathione synthetase deficiency. Incidentally, this was not revealed by studies 
of erythrocytes. The accumulation of y-gajftamytcysteine may he be^wficioJi' 
since the dipeptidc can possibly substitute for glutathione in. different psecesaea. . 
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Therapeutic feiteivcntiofls aramg at Inhibition ofy-glptwttylcysteine synthetase 
might therefore be hazardous. 
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